Supersymmetry (SUSY) is considered one of the best motivated extensions of the Standard Model. It postulates a fundamental symmetry between fermions and bosons, and introduces a set of new supersymmetric particles at the electroweak scale. It addresses the hierarchy and naturalness problem, gives a solution to the gauge couplings unification, and offers a cold dark matter candidate. Different aspects of SUSY searches, using strong, electroweak, third generation production, R-parity violation models, and long lived particles are being studied at the LHC. An overview of most recent results in SUSY searches using Run 2 ATLAS data, at 13 TeV with 36
Introduction
Supersymmetry (SUSY) [1] [2] [3] [4] [5] [6] is a well motivated extension of the Standard Model (SM). It postulates a fundamental symmetry between fermions and bosons, and introduces a new set of SUSY particles at the electroweak scale, where for each fermion (boson) in the SM there is a boson (fermion) SUSY partner. SUSY can offer solutions to a number of phenomena not explained by the SM. First, the radiative corrections to the Higgs boson mass become extremely large when a fermion couples to the Higgs. However, the radiative corrections of boson couplings to the Higgs are of opposite sign, and can cancel out with the fermionic contributions. SUSY naturally imposes this relation, and consequently allows large mass differences in the mass hierarchy of particles. Second, the Grand Unified Theories aim to provide one general description of electroweak and strong interactions. When experimentally measured values of electromagnetic, weak and strong coupling constants are extrapolated to high energies, these three never become equal. However, running of gauge couplings can be modified by introducing new physics between the electroweak and the Planck scale. When SUSY particles are included in the running of couplings, their evolution to the high mass scale brings to unification of gauge couplings. Third, observations of visible stars (or galactic gas) rotation speeds around the galactic center and their radial distance from it (i.e. galaxy rotation curves), show that they do not fall as the visible matter distribution prediction. They can be explained by introducing a new type of weakly interacting and non-relativistic matter, i.e. cold dark matter, and accommodate for its current estimate from astronomical measurements. SUSY offers a weakly interacting and massive particle candidate as a solution to this problem. In proton-proton collisions, SUSY particles are expected to be produced in pairs, and a typical signature has long chains of consecutive decays. Figure 1 : SUSY cross sections at 13 TeV [7] (a) and integrated luminosity [8] collected by the ATLAS experiment (b).
SUSY searches at the LHC [9] target a broad range of final states, where each analysis defines a set of selections with high sensitivity for considered models. They are grouped around production cross sections, as shown in the Figure 1 (a). For R-parity conserving models these include models ofq andg production, third generation production, and electroweak production. Also R-parity violating, and models with long lived particles are considered. A typical SUSY analysis defines a set of selections on observables. The control regions (CR) are designed to be dominated by a certain SM background, and have no or very little expected signal events. They are used to estimate the number of events in the signal regions (SR) which are designed to maximize the signalto-background ratio, while the performance of the estimate is validated in the so-called validation regions (VR), which are designed to be similar to the SRs. More details on a typical SUSY analysis in ATLAS [10] can be found in Ref. [11] . In this summary the highlights of SUSY searches are presented, using 13 TeV p − p collision data, collected with the ATLAS experiment in 2015 and 2016 with integrated luminosity of 36.1 fb −1 , as shown in the Figure 1 (b) .
Squark and gluino production
The production ofq andg (strong production) has the highest cross section at the LHC, and therefore represents a very important search. High sensitivity to a large number of SUSY models can be achieved targeting a final state with jets, possible leptons, and missing transverse momentum. There are two main approaches in the searches for strong production used in ATLAS. One is the conventional, where a typical discriminating variable is the effective mass (M eff ), defined as a scalar sum of transverse momentum of all jets, possible leptons, and missing transverse momentum. It is a good measure of all activity in the event, and is expected to have larger values for the SUSY events, compared to the SM background. The second approach is done using Recursive Jigsaw Reconstruction (RJR) variables [12] . These are kinematic variables defined on the eventby-event basis, designed to use approximations of the rest frames of the invisible (SUSY) particles in each event. They have shown to have very good sensitivity for searches with compressed SUSY mass spectrum.
The analysis with a veto on a lepton, multiple jets and missing transverse momentum [13] targets the production ofq andg. Due to a large production cross section and a very general selection, it has the sensitivity to a highest number of SUSY models. The main target of the analysis are the decays ofq andg into quarks andχ 0 1 , the lightest symmetrical particle (LSP), and their one-step decays with intermediate W ± or a Z 0 boson. A number of signal regions using the conventional and RJR analyses was designed to maximize the sensitivity to models with different q ,g andχ 0 1 masses. No significant excess was seen in any of the signal regions, as shown in the Figure 2 . Interpretation was done in a number of SUSY models. In Figure 3 exclusion of q andg pair production models, with direct and one-step decays, can be seen. For each model, a significant improvement in sensitivity of around 500 GeV forq andg mass exclusion, compared to the previous analysis, using lower luminosity at 13 TeV p − p collisions, is achieved. Theq mass is excluded up to around 1600 GeV, andg is excluded up to around 2 TeV.
The analysis with multiple jets and missing transverse momentum targets the strong production of models with long decay chains [14] . A typical targeted model is ag pair production with a twostep decay, whereg decays into quarks with intermediateχ ± 1 , which decays intoχ 0 2 with a W ± , andχ 0 2 decays into and Z 0 and aχ 0 1 LSP. A number of signal regions was defined, using selections with large jet multiplicity, and b-jet multiplicity. No significant excess was observed in any of the signal regions, and exclusion limits were set on the considered models. A large improvement in the analysis sensitivity was achieved, of around 400 GeV for allg masses, and in the region of 2j-1200 2j-1600 2j-2000 2j-2100 2j-2400 2j-2800 2j-3600 2jB-1600 2jB-2400 3j-1300 4j-1000 4j-1400 4j-1800 4j-2200 4j-2600 4j-3000 5j-1600 5j-1700 5j-2000 5j-2600 6j-1200 6j-1800 6j-2200 6j-2600
Meff Signal Region Signal regions for the SUSY analysis with a veto on a lepton, multiple jets and missing transverse momentum using conventional (a) and RJR (b) variables [13] .
compressed mass spectrum in the diagonal of theg vsχ 0 1 plane, compared to the previous 13 TeV search. Gluino masses up to around 1800 GeV were excluded, as shown in the Figure 4 .
A distinctive signature of SUSY is with at least two same-sign leptons, and this analysis is targeted with a search with two same-sign or three leptons [15] . Signal regions were optimized for a number of R-parity conserving and R-parity violating models, which differ in the selection on a number of leptons, same-sign requirement and b-jet multiplicity. No significant excess was observed in any of the signal regions, and exclusion limits were set on a number of SUSY models. In the exclusion of theg pair production with a two-step decay, a large improvement in sensitivity for Figure 3 : Interpretation of simplifiedq (left) andg (right) production models, with direct (up) and one-step decays (down) using the analysis with a veto on a lepton, multiple jets and missing transverse momentum [13] .
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Recent SUSY results in ATLAS Judita Mamužić Figure 4 : Analysis with multiple jets and missing transverse momentum [14] . No significant excess observed in any of the signal regions (a), and exclusion limits for theg pair production with a two-step decay (b).
theg masses of about 500 GeV was achieved, and in the region with compressed mass spectrum. Gluino masses up to around 1600 GeV were excluded, as shown in the Figure 5 . 
=13 TeV , 36. [15] . No significant excess in any of the signal regions seen (a), and exclusion limits for theg pair production with a two-step decay (b).
In addition to searches with light (u and d) quarks, an analysis of SUSY models with decays of ag with third generation quarks (b and t) [16] needs to be considered. The signal regions were optimized for models with direct and one-step decays ofg with b and t quarks. No significant excess was observed in any of the signal regions, and exclusion limits were set. Gluino masses up to about 1.8 -2 TeV were excluded, as shown in the Figure 6 .
In the Figure 7 a comparison of strong production searches is shown. Highest exclusion in theg masses of around 2 TeV is reached by the analysis with no leptons, 2-6 jets and missing transverse momentum, and it is comparable to the reach of the gluino mediated third generation searches, which in addition have a higher coverage toward the higherχ 0 1 masses. Strong production analyses summary [17] . Exclusion curves shown for differentg decays.
Third generation production
A strong motivation for third generation searches is given by the Higgs mass measurement [18, 19] , which seems to be unnaturally light, and the existingq andg exclusion limits which reach up to the TeV scale. The dominant contribution to the Higgs mass comes from the divergent term of the top-quark. If SUSY exists, andt has masses ≤ 1 TeV, loop diagrams of the top-quark can cancel out to a large extent, which gives a natural solution to the mass hierarchy problem. In addition, large splitting betweent 1 andt 2 can be achieved due to large t Yukawa couplings, so effects of the renormalization group equations are high for the third generation squarks, which brings to lowt 1 masses compared to first generationq masses. In this light, a dedicated search for lightt is well motivated.
In order to obtain good sensitivity for a variety of typical signatures oft decays, in optimization a simplified model approach was used, whereχ 0 1 LSP was assumed to be bino-like [20] , see more details in the Figure 8 . For mass differences of ∆m = mt 1 − mχ0 1 higher than the stop mass mt 1 , at pair production with the direct decays oft with a t quark was used in optimization. Similarly, one-step decays with b quarks and intermediateχ , and strongly improved coverage for the lower ∆m models, was achieved compared to 13 TeV searches with lower integrated luminosity.
In addition to using simplified models with a binoχ 0 1 LSP, more realistic mass spectrum (c)t analysis summary [17] . Figure 8 :t pair production analysis strategy using simplified models [20] (a) and exclusion limits [17] (b).
and other LSP mixtures need to be considered fort pair production. For this, dedicated model specifications in Phenomenological Minimal SUSY Model (pMSSM) [22, 23] were used, as shown in the Figure 9 . Models motivated by gauge unification at the GUT scale predict a winoχ Wino NLSP model: Bino/Higgsino mix model: Figure 9 : Stop pair production analysis strategy using pMSSM inspired models [20] . Typical mass spectrum and LSP mixing (a), and interpretation (b).
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Recent SUSY results in ATLAS Judita Mamužić exclusion limits were set on these models [20] . These are the first exclusions of pMSSM inspired models in ATLAS, dedicated fort pair production, with these given motivations.
In addition tot pair production, a complementary search is done using theb quark production [21] . Typical final states in the analysis include ab pair production, with a direct decay into a b quark andχ 0 1 LSP, orb one-step decay modes viaχ ± 1 with a W ± in the decay chain. For the direct production, an improvement in the sensitivity of about 100 GeV in theb mass is achieved, while for the combined direct and one-step decays in theb pair production an impressive 400 GeV improvement is achieved for theb mass exclusion, and significant improvement in sensitivity is achieved for the compressed mass spectrum towards the diagonal in theb vsχ 0 1 plane, compared to the previous searches. The exclusion limits ofb reach about 900-1000 GeV for direct and combined decays, as shown in Figure 10 .
Electroweak production
If the masses of squarks and gluinos are significantly large, the production ofχ 0 ,χ ± 1 and˜ can be dominant. As the limits of the strong production are reaching about 2 TeV, the studies of the electroweak production become well motivated. Typical searches consider final states with two or three leptons, with and without jets, in theχ ± 1 pair,˜ pair, andχ 0 2χ ± 1 production [24] . Significant improvement in the sensitivity to considered models was obtained, compared to previous searches, by using the analyses with multiple bin fits. The analyses withχ 0 2χ ± 1 production, with W ± and Z 0 in the decay chains were using the binned invariant mass of two leptons. Models with˜ in the decay chain were using the binned information of the m T 2 variable, which is a good measure of the missing transverse momentum in-balance in the event. No significant excess was observed in any of the signal regions, and exclusion limits were set, as shown in the Figure 11 .
A comparison of recent searches using the electroweak production [17] is shown in Figure  12 . A number of final states for the˜ andχ 0 2χ ± 1 production is targeted. The highest exclusion limits were set for theχ Figure 11 : Search for electroweak production using two or three leptons [24] , using multibin fit for in m ll (left) and m T 2 (right) and interpretation (bottom).
PoS(CORFU2017)060
Recent SUSY results in ATLAS Judita Mamužić 
Figure 12: Electroweak production analyses summary [17] . Exclusion curves shown for different productions and decays.
Long lived particles
The searches for SUSY models where sparticles are long lived, require dedicated analyses. The search for the the long livedχ ± 1 is targeted using the so-called disappearing-track analysis [17] . The production with long livedχ Figure 13 (a) . The improved sensitivity of the analysis makes use of the implemented additional layer in the Pixel detector, and improves the sensitivity towards shorter life times of the long livedχ ± 1 . No significant excess was observed in any of the signal regions, and a comparison to previous searches [17] is shown in the Figure 13 (b).
R-parity violation
In addition to R-parity conserving models, the searches for R-parity violating models (RPV) need to be considered. Due to R-parity violating terms in the SUSY hyperpotential, in these models lepton and baryon number violation are allowed. This brings to a variety of final states not considered in standard searches, and dedicated analyses were set in place. A broad range of new RPV searches were considered compared to analyses with lower luminosity, but no significant excess was observed in any of the dedicated signal regions [26] . Exclusion limits were set, and for gluino pair production, withg decaying into a t andt , wheret decays into a b and s quark,g is excluded up to masses of about 1600 GeV. Similarly, for ag pair production, with a decay into a 
Conclusion
A broad range of improvements were implemented for the SUSY analyses using the 36.1 fb −1 of ATLAS data. No significant excess in any of the signal regions was observed, and exclusion limits were set. In theq andg production, optimization for different regions of model parameter space brings to large improvements in the sensitivity ofg andq masses, compared to searches with lower luminosity. In the searches for the third generation production, impressive improvements were obtained in the sensitivity of the analyses for standard and compressed mass regions. In addition, a new type of models were considered using the pMSSM parameter space selection, targeting well motivated LSP mixture scenarios. In the electroweak production, higher sensitivity was obtained using improved searches and higher luminosity. For the long lived particles, limits on the long lived χ ± 1 were set, which benefited from the newly added Pixel detector layer. In addition to R-parity conserving models, limits were set on a broad range of R-parity violating models. In the Figure 15 a summary of recent SUSY searches in ATLAS is shown [17] . Future searches in ATLAS are planned to use more than two times higher luminosity, and a large number of improvements are set in place. On the one side in extending the sensitivity for uncovered and difficult parameterspace of existing searches, and on the other side in improving the searches by using a large number of new well motivated physics scenarios. [17] .
